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The present invention relates to a gene expression cassette. The expression 
cassette can be used for directing expression of heterologous genes in eukaryotic cells It 
5 also relates to the use of said expression cassette in gene therapy and vaccine production 
It forther relates to vectors, including viral strains, comprising said expression cassette. 

Background to the invenfinn 

Anderson-Fabry disease is a lysosomal storage disorder (LSD) resulting from the 
0 deficiency of the lysosomal enzyme alpha-galactosidase (alpha-gal. EC 3.2 122) This 
enzymatic defect leads to the deposition of neutral glycosphingolipids in most tissues the 
pathological and clinical manifestations of the disease being the result of progressive 
accumulation in endothelial cells leading to ischemia and infarction in organs like kidney, 
heart or brain. 

In addition to the sorting mechanisms operating in the trans-Golgi network 
lysosomal enzymes can also be recaptured from the extracellular space via mannose-6- 
Phosphate receptors. In keeping with this, it has been shown that the adminisfration of 
purified lysosomal enzymes to the culture medium can correct the enzymatic defect in 
fibroblasts from patients with various types of LSD. This ability of cells to take up the 
^ enzyme, has provided the basis for the use of replacement therapy for this group of 
disorders. In the case of Fabry disease, early studies showed that alpha-gal partially 
purified from various sources is taken-up by skin fibroblasts from Fabry hemizygotes 
when added to the culture medium and does catabolize the accumulated substrate 
globotriaosylceramide (CTH). This prompted several clinical trials of enzymJ 
replacement in the 1970s which demonstrated the feasibility of enzyme therapy for Fabry 
disease. However, the unavailability of sufficient amounts of the purified human enzyme 
has prevented a proper evaluation of the efficacy of replacement therapy so far. 

Alternative ways of providing a source of. active enzyme for the treatment of LSD 
have included bone marrow transplantation and, more recently; gene transfer into 
haematopoietic stem cells or enzyme delivery into the whole organism by genetically 
modified cells. For instance, it has been recently shown that fibroblasts transfectc^ with 
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retroviral vectors and grown on collagen lattices which were implanted in the peritoneal 
cavity successfully secreted beta-glucuronidase and corrected the storage lesions in the 
liver and spleen of Mucopolysacharidosis VII mice. The same approach resulted in long- 
term secretion of this enzyme in dogs and similar results were obtained in nude mice 
transplanted with neo-organs which were secreting alpha-L-iduronidase. - 

Since the discovery that skeletal muscle can be transfected in vivo by 
intramuscular injection of plasmid DNA, this organ system has attracted considerable 
attention as a potential source of secreted therapeutic proteins. Injection of plasmid DNA 
constructs has been used successfully for the expression of dystrophin, factor VII, 
apolipoprotein-E and alpha- 1 antitrypsin, whereas intramuscular injection of genetically 
modified myoblasts gave encouraging results in the secretion of human growth hormone, 
factor IX, beta-glucuronidase, human and murine erythropoietin and human 
glucocerebrosidase. However, the efficiency of these methods of transfection is still low. 
even with the induction of muscle degeneration and regeneration through injection of 
myotoxic substances prior to the injection of DNA. Direct plasmid injection in muscle 
shows better transfection efficiency than viral vectors and plasmid DNA has been found 
to be maintained extrachromosomally for at least 19 months. Moreover, the safety, " 
simplicity and low-cost of intramuscular injection of plasmid DNA make it a very' 
attractive alternative to other methods. However, most studies so .far have shown that 
expression is not high enough to increase the blood levels of circulating proteins. 

Summarv of the Invention 

The present invention relates to an expression cassette comprising, operably 
linked, (i) a myosin light chain- enhancer, (ii) a promoter selected from a myosin heavy 
chain promoter and a vkal promoter and (iii) a polynucleotide sequence of interest. - 

Nucleic acid constructs, including virus strains, comprising said expression 
cassette can be used, for example, for delivering therapeutic genes in methods of 
treatment of diseases, for example Fabry disease, or for the delivery of genes encoding 
specific antigens for vaccine purposes. 



Accordingly the present invention provides an expression cassette comprising, 
operably hnked, (i) a myosin light chain enhancer, (ii) a promoter selected from a myosin' 
heavy chain promoter and a viral promoter and (iii) a polynucleotide sequence of interest. 

Preferably, the enhancer is a myosin light chain 1/3 enhancer. Preferably the 
myosin heavy chain promoter is a mammalian heavy chain promoter, more preferably a 
truncated rabbit P-myosin heavy chain promoter. Preferably the viral promoter is a 
cytomegalovirus (CMV) or herpes simplex virus (HSV) promoter. 

. The expression cassette of the invention may thus be used to deliver a 
polynucleotide sequence of interest to a eukaiyotic cell where it will be expressed. 
Vectors and viral strains comprising the expression cassette of the invention may also be 
used to deliver a polynucleotide sequence of interest to a eukaryotic cell where it will be 
expressed. Preferably the cell is a vertebrate cell, more preferably an avian, fish or 
mammalian muscle cell. Such expression cassettes, vectors and viral strains are useful in 
a variety of applications, for example, in methods of medical treatment including gene 
therapy and as vaccines. 

Preferably, the polynucleotide sequence of interest comprises a heterologous gene. 
The heterologous gene may be any allelic variant of a wild-type gene, or it may be a 
mutant gene. The heterologous gene preferably encodes a polypeptide of therapeutic use. 

The invention further provides for the use of the expression cassette, vectors and 
viral strains, comprising the expression cassette, for use in the treatment of humans and 
animals. 

The invention also provides a method for producing a viral strain comprising an 
expression cassette of the invention, which method comprises introducing an expression 
cassette of the invention into the genome of the vims strain, preferably by homologous 
recombination. 

Detailed Description of the Invention 

A. Expression Cassette - myosin light chain enhancer, myosin heavy chain 
promoter/viral promoter, polynucleotide sequences of interest 
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, 7""" (i) a myosin 

ngh e.a.„ enhanoe. (i, a p_ „ a „,osi„ Heavy „ 1 ^ 

V. a, pro^cer and («« apo,„«. J^. 
e.. eo a.^.apo.Uon whe.i„ ^ ^ ^ ^ ^^^^^ J ^^^^ 

■ fi^con . intendea „ for example, a p.o„o.e. operaWy ,11 

po^uceo^a, se^uenee of .p.e^. , ac.eved „„d. co„cU«o„3 w.oH a. eoJa«H 
w,th the activahon of expression from the promoter. 

n-e exp„ssi„n cassette can be constructed using routine cloning techni,„,, 

known to persons skilled in tlie art fsee for e,,n,„l. = ^ . secnmques 

art (see, for example. Sambrook « a/. . 1 989, Molecular 

Clomng - a laboratory manual; Cold Spring Harbor Press). 

2- Myosin enhanpRr 

Several n^yosin enhancers have been identified to date from both n^yosin hght 

ch.n and .yen heavy chain genes. Preferably the enhancer used in the expressi^ 
^of^^.^ ..ention . of vertebrate o.gin, .ore preferably avian, pZ 
™hanon.n. A .yos. light chain enhancer is preferred. A rat myosin li^ht chaj 
1/3 enhancer (Donoghue . al., I9SS; Neville . al., 1996), is especially prefer! 2 

above. The enhancer n.ay be either upst^an. or downstrean. of the promoter The 
enhancer may be used in either orientation. 
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Promoters 



Tie promote in the expression cassette of the invention is selected ftom myosin 
heavy ohatn p^moters or vi.., promoters which are «mctiona. in ve^ebrate 
P^eferably avian, piscine and/or mammalian , prefet^ly human, cells. ,,e myosin heavy" 
Cham promoter is preferably a truncated mbbit p-cardiac myosin heavy chai promote! 
.n Parfcular up to and including 789 base pairs upstream of the t.»scrip«on tart site' 
Another myosm heavy chain promoter which is especially preferred is the carp P02 
P_, m particular up to and including 90, base pait. upstream of the transcLon 
Start site (Gauvrv e/ fl/ IQQ^;^ ^ . •, . "'i"i>cription 

ry al., 1996). Further details of myosin heavy chain promoters derived 



from rat, rabbit, human, porcine and chick myosin heavy chain genes are given in Gauvry 
et al, 1996 and references therein. Viral promoters include CMV and HSV promoters. 
CMV IE promoters are especially preferred. 

5 4. Polynucleotide sequences of interest 

The term "polynucleotide sequence of interest" is intended to cover nucleic acid 
sequences which are capable of being at least transcribed. The sequences may be in the 
sense or antisense orientation with respect to the promoter. Antisense constructs can be 
used to inhibit the expression of a gene in a cell according to well-known techniques. The 

10 polynucleotide sequence of interest may comprise a heterologous gene. The term 
heterologous gene encompasses any gene. Thus sequences encoding mRNA, tRNA and 
rRNA are included within this definition. The heterologous gene may be any allelic 
variant of a wild-tj^^e gene, or it may be a mutant gene. Sequences encoding mRNA will 
optionally include some or all of 5* and/or 3' transcribed but untranslated flanking 

15 sequences naturally, or otherwise, associated with the translated coding sequence. The 
polynucleotide sequence of interest may optionally further include the associated 
transcriptional control sequences normally associated with the transcribed sequences, for 
example transcriptional stop signals, polyadenylation sites and downstream enhancer 
elements. 

20 The polynucleotide sequence of interest preferably encodes a therapeutic product, 

which can for example be a peptide, polypeptide, protein or ribonucleic acid. More 
especially, the coding sequence is a DNA sequence (such as cDNA or genomic DNA) 
coding for a polypeptide product such as enzymes (e.g. a-galactosidase), blood 
derivatives, hormones, cytokines, namely interleukins, interferons or TNF, growth factors 

25 (e.g. IGF-1), neurotransmitters or their precursors or synthetic enzymes, trophic factors 
such as BDNF, CNTF, NGF, IGF, GMF, aFGF, bFGF, NTS and NTS; apolipoproteins, 
such as ApoAI, ApoAIV and, dystrophin or a minidystrophin, tumour-suppressing genes 
such as p53, Rb, Rapl A, DCC and k-rev, genes coding for factors involved in coagulation 
such as factors VII, VIII and IX or alternatively all or part of a natural or artificial 

30 immunoglobulin (e.g. Fab and ScFv). 



The coding sequence can also be an antisense sequence, whose expression in the 
target cell enables gene expression or the transcription of cellular mRNAs to be 
controlled. Such sequences can, for example, be transcribed in the target cell into RNAs 
complementary to cellular mRNAs and can thus block their translation into protein, 
according to the technique described in European Patent No. 140,308. In particular, 
antisense sequences can be used to block translation of inflammatory or catebolic 
cytokines in the treatment of arthritis and tissue loss caused by these cytokines. 

The present invention may also be used for the expression of sequences coding for 
toxic factors. The latter can be, in particular, cell poisons (such as diphtheria toxin, 
pseudomonas toxin and ricin A), a product inducing sensitivity to an external agent 
(suicide genes: e.g. thymidine kinase and cytosme deaminase) or alternatively killer genes 
capable of inducing cell death (e.g. Grb3-3 and anti-ras ScFv). 

Preferably, the polynucleotide sequence of interest encodes a polypeptide of 
therapeutic use. For example, of the proteins described above, a-gaiactosidase can be 
used to treat Fabry disease. 

Polynucleotide sequences of interest may also encode antigenic polypeptides or 
nucleic acids for use as vaccines. Preferably such antigenic polypeptides or nucleic acids 
are derived from pathogenic organisms, for example bacteria or viruses. For example, 
antigenic polypeptides or nucleic acids may be selected from regions of the hepatitis C 
virus genome and gene products. Antigenic determinants present in the genomes or gene 
products of the causative agents of, for example, viral haemorrhagic septicemia, bacterial 
kidney disease, vibriosis and fiirunculosis are particularly preferred. 

• Heterologous genes may also include marker genes (for example encoding 
P-galactosidase or green fluorescent protein) or genes whose products regulate the 
expression of other genes. 

B. Vectors 



The expression cassette may be used in the form of a naked nucleic acid construct. 
Alternatively, it may be introduced into a variety of nucleic acid vectors. Such vectors 
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include plasmids and viral vectors. Vectors may further include sequences flanking the 
expression cassette which comprise sequences homologous to eukaryotic genomic 
sequences, preferably mammalian genomic sequences, or viral genomic sequences. This 
will allow the introduction of the expression cassette into the genome of eukaryotic cells 
5 or viruses by homologous recombination. In particular, a plasmid vector comprising the 
expression cassette flanked by viral sequences can be used to prepare a viral vector 
suitable for delivering the expression cassette to a vertebrate, including fish, avian or 
mammalian, cell. The techniques employed are well-known to a skilled person. 

10 D. Administration 

The expression cassette of the invention may thus be used to deliver therapeutic 
genes to a human or animal in need of treatment. Alternatively, the expression cassette of 
the invention may be used to deliver genes encoding potentially immunogenic 

15 polypeptides in vivo for vaccine purposes particularly the vaccination of fish. 

The expression cassette of the invention may be administered directly as a naked 
nucleic acid construct, preferably further comprising flanking sequences homologous to 
the host cell genome. Uptake of naked nucleic acid constructs by vertebrate cells is 
enhanced by several known techniques including biolistic transformation and lipofection. 

20 Alternatively, the expression cassette may be administered as part of a nucleic 

acid vector, including a plasmid vector or viral vector. 

Preferably the delivery vehicle (i.e. naked nucleic acid constmct or viral vector 
comprising the expression cassette for example) is combined with a pharmaceutically 
acceptable carrier or diluent to produce a pharmaceutical composition. Suitable carriers 

25 and diluents include isotonic saline solutions, for example phosphate-buffered saline. 
The composition is typically formulated for intramuscular administration. 

Preferably, the substance is used in an injectable form. It may therefore be mixed 
with any vehicle which is pharmaceutically acceptable for an injectable formulation, 
preferably for a direct injection at the site to be treated. The pharmaceutically carrier or 

30 diluent may be, for example, sterile or isotonic solutions. It is also preferred to formulate 
that substance in an orally active form. Methods for injecting nucleic acids into fish 



muscle are described in Gauvry et al , 1 996. 

The actual formulation used can be readily determined by the skilled person and 
will vary depending on the nature of the substance to be administered and the route of 
administration 

The dose of substance used may be adjusted according to various parameters, 
especially according to the substance used, the age, weight and condition of the patient to 
be treated, the mode of administration used and the required clinical regimen. A 
physician v^ll be able to determine the required route of administration and dosage for 
any particular patient and condition. 

The invention will be described with reference to the following Example which 
are intended to be illustrative only and not limiting. 

EXAMPLE 

Brief description of the figures 

Figure 1 and Figure 2 are graphs showing a comparison of alpha-gal and beta-gal activity 
obtained using three different constructs. 

Figure 3 is a graph showing alpha-gal activity in the cell extracts/supematants obtained 
from myoblasts transfected with three different constructs. 

Figure 4 is a graph shoving alpha-gal activity in cell extracts from fibroblasts from a 
Fabry patient which have been transfected with an alpha-gal expressing construct. 

Figure 5 is a graph showing alpha-gal activity in muscle extracts 7 days after injection 
with an alpha-gal expressing construct. 
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Detailed description of the figures 
Figure 1: 

5 A. Comparison of constructs pIVGF^ pX4F and pMCagalF after transfection of C2C12 
myoblasts (see Table 1 for details of constructs). DNA for transfections was prepared 
using Plasmid midi-columns (Qiagen, Dorking, UK). C2C12 mouse myoblasts were 
plated at 1.5 X 10"^ cells/cm^ and grown overnight in growth medium (DMEM/10%FCS 
with penicillin-streptomycin-amphotericin B). Transfections were performed mixing 10 

10 M^g of Lipofectamine (Gibco, Paisley, UK) with 2 {ig of DNA in 200 |li1 of Optimem-1 
(Gibco, Paisley, UK). After 30 min incubation at room temperature, the mixture was 
diluted up to 1 ml in Optimem-1 and added to the cells, Transfections were carried out for 
6-8 hours at 37''C/5% CO2 and included pCMV-b (typically 200 ng in 2 |Lig of total DNA) 
which drives the expression of beta-galactosidase. The latter was used as an internal 

15 control of transfection efficiency. After transfection, plates were washed with PBS 
followed by addition of DMEM/2% horse serum (differentiation medium). Under these 
conditions, myoblasts start the process of fiision and differentiation into myotubes, which 
become visible after 48 hours and continue to develop for 4-6 days. Enzymatic activities 
of alpha-galactosidase and beta-galactosidase in cell extracts were assayed 

20 fluorimetrically with specific substrates, so that both reactions do not show any cross- 
reactivity. Normalized alpha-gal enzymatic activity (in Units alpha-gal/Unit beta-gal) is 
shown 18 hours post-transfection (undifferentiated myoblasts). High-Low bars show the 
results from duplicate experiments. 

25 B. Comparison of constructs pIVGF, pX4F and pMCagalF after transfection of C2C12 
myoblasts as indicated above. Normalized alpha-gal enzymatic activity (in Units alpha- 
gal/Unit beta-gal) is shown 10 days post-transfection (fully differentiated myotubes). 
Note that the values reflect not only the change in alpha-gal but also the decrease in beta- 
gal (the reporter enzyme used to correct for transfection efficiency), which is driven by 

30 the CMV promoter alone. Therefore, the actual normalized units for each construct cannot 
be compared directly with the values obtained from undifferentiated myoblasts (shown in 
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Fig. 1 A). However, since all constructs are c6-transfected with exactly the same amount 
of the same internal control plasmid, a direct comparison can be made between constructs 
at a given time point post-transfection, High-Low bars show the results from duplicate 
experiments. 

5 

Figure 2: Comparison of constructs pX3F and pX4F after transfection of C2C12 
myoblasts as indicated in Fig. 1. Normalized alpha-gal enzymatic activity (in Units alpha- 
gal/Unit beta-gal) is shown 6 days post-transfection (fully differentiated myotubes). High- 
Low bars show the results from duplicate experiments. 

10 

Figure 3: Total alpha-gal activity (in Units, 1 Unit= 1 nmol/h) of cell extracts and of 
supernatants from C2C12 myoblasts transfected with three different constmcts (Mock - 
no DNA transfected) and harvested 48 hours after transfection. Total alpha-gal actvity 
was derived from the orginai enzymatic activity in cell extracts (in Units/mg) or in 
15 supematants (in Units/L). High-low bars show the results from duplicate experiments. 

Figure 4: Alpha-gal activity in cell extracts from fibroblasts of a Fabry patient that were 
cultured for 4 days in medium conditioned by C2C12 myoblasts transfected as indicated, 
either in the absence or in the presence (+M6P) of 5mM maimose-6-phosphate (Sigma, 
20 Poole, UK) in the culture medium. Conditioned media were 0.22mm-filtered before being 
added to the fibroblasts in order to avoid carry-over of the liposome-DNA complex. 
Proteins were measured using the bicinchonic acid method (Sigma, Poole, UK). 
Error bars=S.E.M. (n=6). 

* Significant difference (p<0.01) with any of the other groups (Mann- Whitney ranks-sum 
25 test for unpaired samples). 

Figure 5: Alpha-gal activity (in Units/mg of protein) in tibialis anterior muscle extracts 7 
days after injection. DNA of construct pX7F was prepared using the Endo-free Plasmid 
Kit (Qiagen, Dorking, UK). 30 mg of DNA in 50 ml of sterile, endotoxin-free saline (or 
30 50 ml of saline in control muscles) were injected in tibialis anterior muscles of 5-6 week- 
old C57B1/6 mice following previous recommendations'^ ^ Mice were anaesthetized with 
Hypnorm-Diazepam and the DNA solution was injected percutaneously in the centre of 



the muscle with a tuberculin syringe fitted with a 27G needle, using a perpendicular 
approach. 

Seven days after injection the animals were sacrificed and the muscles were 
dissected and frozen at -70°C, finely ground on a pre-cooled mortar and then vortexed for 
15 min at room temperature in 500 ml of Reporter Lysis Buffer (Promega, Southampton, 
UK), spun for 3 min. at 4°C and the supernatants stored at -70°C. Proteins and alpha-gal 
enzymatic activity were determined as described above, and results were expressed in 
Units/mg of protein. 
Error bars=S.E.M. (n=6). 

p<0.01 (Maim- Whitney ranks-sum test for unpaired samples). 

Effect of muscle-specific regulatory elements 

We have made several vectors driving the expression of human alpha-gal and we 
have compared them following transfection of the myogenic cell line C2C12. This cell 
line has been extensively used as a model of muscle differentiation in the study of 
muscle-specific regulatory elements, due to the ability of these myoblasts to undergo 
fiision and differentiation under certain culture conditions. Once mature myotubes are 
formed, they cannot be transfected by non-viral methods. Therefore, the standard 
transfection protocol starts with transfection of undifferentiated myoblasts with cationic 
liposomes followed by differentiation to mature myotubes. Gene expression can be 
measured at any time point during the differentiation process, so that this system also 
allows a comparison of the activity of regulatory elements before and after the activation 
of muscle-specific genes. However, transfection efficiency must be carefully controlled 
by co-transfection with a different plasmid driving the expression of a reporter gene. This 
is used as an internal control which corrects for the differences between constructs and 
between plates. ' 

We first compared three constructs containing a muscle-specific promoter (rabbit 
myosin heavy chain) or the human cytomegalovirus promoter combined with the myosin 
light chain 1/3 enhancer (see Table I for details of the constructs). The MLCl/3 enhancer 
has been shown to result in muscle-specific expression of heterologous genes in 
transgenic mice and zebrafish. 
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The construct in which alpha-gal expression is driven by the CMV promoter alone 
(pIVGF) showed the highest activity in undifferentiated myoblasts (18 hours post- 
transfection), followed by pX4F and pMCagalF in this order (Fig. lA). In contrast, the 
analysis of fiiily differentiated myotubes (10 days post-transfection) revealed that alpha- 
gal enzymatic activity was clearly higher in pX4F than in pIVGF (Fig. IB), the only 
difference between both constructs being the presence of the MLCl/3 enhancer in pX4F. 
Our results show that this enhancer element can increase the strength of the expression 
driven by the CMV promoter in differentiated myogenic cells, but exerts little or no 
enhancing effect in undifferentiated myoblasts. We have also compared the expression 
levels generated by pX3F and pX4F, which only differ in the orientation of the MLCl/3 
enhancer. Both constructs showed the same activity after 6 days in differentiation medium 
(Fig. 2), confirming that tlie orientation of the enhancer does not affect the levels of 
expression. This supports previous data showing that this enhancer increases the activity 
of the SV40 promoter in mature myotubes in an orientation-independent manner and 
suggests that muscle differentiation provides the necessary muscle-specific factors which 
enable this element to enhance the basal activity of heterologous promoters. 



CONSTRUCT 


PARENT VECTOR 


PROMOTER 


ENHANCER 


pMCagalF 


pbPASe9 


MHC 


MLCl/3 


pIVGF 


pcDNA3 


CMV 




pX3F 


pcDNA3 


CMV 


MLCl/3 (sense) 


pX4F 


pcDNA3 


CMV 


MLCl/3 (antisense) 


pX7F 


pcDNA3 


CMV 


MLCl/3 (sense) 



*pcDNA3 (Invitrogen, DeSchelp, The Netherlands) 

Table 1: Details of the expression vectors used in this study. Rabbit p-cardiac myosin 
heavy chain (MHC) promoter consists of 781 bases of the promoter region. Myosin light 
chain 1/3 enhancer (MLCl/3) has accession number XI 4726. CMV is the major 
intermediate early promoter/enhancer region of human cytomegalovirus. Constructs 
pX3F, pX4F and pX7F contain the MLCl/3 enhancer cloned either in the direction of 
transcription (sense) or in the reverse orientation (antisense) as indicated. For the 
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generation of pX3F, pX4F and pIVGF, the cDNA coding, for alpha-galactosidase was 
amplified by RT-PCR and cloned in pCRII™ (Invitrogen, DeSchelp, The Netherlands), 
resulting in pGal-wt. EcoRI digestion of pGal-wt releases the alpha-gal cDNA without 
flanking sequences which was used in the appropriate vectors. For the construction of 
5 pX7F we used a different fragment containing the cDNA for alpha-gal (gift from Dr. H, 
Sakuraba) which only contains 25 bp of 5'-UTR and no flanking sequences. Thus, pX3F 
and pX7F differ only in the length of the 5*-UTR of alpha-gal (35 bp longer in pX3F). 

Secretion of human alpha-gal to the culture medium and uptake by alpha-gal- 
10 deficient fibroblasts 

In a different set of experiments, we have assayed the total activity of alpha-gal in 
cell extracts and in supernatants conditioned for 48 hours after transfection with 
constructs pX3F, pX4F or pX7F, relative to controls (mock transfected, no DNA). The 
total amount of alpha-gal activity in the culture medium of transfected cells was 

15 significantly higher than in controls (average of the three constructs =2.17 Units vs. 0.10 
Units in controls, results not shown). In order to confirm that the alpha-gal expressed and 
secreted in vitro has undergone correct post-translational processing, we investigated the 
ability of alpha-gal-deficient fibroblasts to take up the enzyme from medium conditioned 
by C2C12 myoblasts transfected with pX7F. Fibroblasts from a hemizygous Fabry 

20 patient (which show low enzymatic activity) were cultured for 4 days in differentiation 
medium that had been conditioned by C2C12 myoblasts transfected with pX7F. Fig. 3 
shows the alpha-gal enzymatic activity in fibroblasts kept under these conditions; 
significantly higher levels were detected in those cultured with medium conditioned by 
pX7F-transfected myoblasts than in those cultured with medium conditioned by mock- 

25 transfected myoblasts (p<0.01). This effect was completely abolished by the addition of 
mannose-6-phosphate (5 mM) to the conditioned medium (Fig. 3), showing that this 
increase in alpha-gal activity was the result of uptake of the enzyme via mannose~6- 
phosphate receptors. This strongly suggests that the enzyme contained appropriate post- 
translational modifications, like phosphomannosyl residues. To our knowledge, this is 

30 the first report in which a correctly glycosylated form of human alpha-gal was expressed 
and secreted from differentiated muscle cells. 
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Production of human alpha-gal after intramuscular injection of plasmid DNA 

We have analysed alpha-gal activity in muscle extracts from mice injected 
intramuscularly with plasmid DNA to see whether we could reproduce these results in 
5 vivo. This technique does not permit a correction to be made for the number of transfected 
fibres as can be done in vitro. This requires the use of samples of adequate size in order 
to detect any potential statistical difference. In our experiment (6 muscles in each group), 
injection of construct pX7F into tibialis anterior resulted in significantly increased levels 
of alpha-gal activity with respect to the control muscles injected with saline (p<0.01) 7 
10 days after injection (Fig. 4). Expression of foreign proteins in muscle has been shown to 
elicit an immune response against those fibres expressing the protein, which decrease in 
number and disappear completely two weeks post-injection. For this reason, we have 
allowed expression to proceed only for one week, analysing enzymatic activity well 
before the start of the effector phase of the immune response against hxmian alpha-gal. 
15 Preliminary results from our laboratory indicate that vectors containing the mouse alpha- 
gal cDNA can drive the expression of the enzyme for at least four weeks in injected 
muscles (not shown). The isogenic protein products of therapeutic genes can also trigger 
an immune response following their delivery in gene therapy. Therefore, measures to 
prevent or to combat immunogenicity of the targeted protein should be developed. 
20 Administration of several different immunomodulating agents, including 
immunosuppressive drugs and anti-CD4 or anti-CD40L antibodies at the time of gene 
therapy gave encouraging results. Such a transient ablation of CHA^ T cells may prevent 
the effector phase of immune response to the gene product. Moreover, some Fabry 
disease patients have missense mutations, possibly with some non-functional protein 
25 present. In these cases induction of immune responses to the gene therapy product may be 
prevented. 

Apart from the immune reaction against transfected fibres, other authors have 
shown that the activity of the CMV-promoter driven expression declines after injection of 
plasmid constructs with reporter genes. In contrast, vectors containing the RSV promoter 
30 showed more sustained expression. The reasons for this difference between promoters is 
not well understood, but promoter shut-off has been proposed as a mechanism. However, 
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our results suggest that the MLCl/3 enhancer element can increase and prolong the 
expression driven by the CMV promoter in conditions that resemble mature muscle 
fibres. This will have interesting implications for the development of vectors designed 
for direct plasmid injection in muscle, because it could help to maintain the activity of the 
5 CMV promoter for a longer period of time. 

In summary, our in vivo results show significantly increased production of alpha- 
gal in muscle after injection of a plasmid expression vector. Together with our data 
showing that muscle cells can secrete human alpha-gal in its correctly processed form, the 
results presented here represent a significant step towards the improvement of this 
10 expression system and the generation of a strategy for the production of alpha-gal from 
muscle in vivo. 
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1. An expression cassette comprising, operably linked, (i) a myosin light chain 
enhancer, (ii) a promoter selected from a myosin heavy chain promoter and a viral 
promoter and (iii) a polynucleotide sequence of interest. 

2. An expression cassette according to claim 1 wherein said myosin light chain 
enhancer is a myosin light chain 1/3 enhancer. 

3. An expression cassette according to claim 1 or 2 wherein said myosin heavy chain 
promoter is a fish myosin heavy chain promoter. 

4. An expression cassette according to claim 3 wherein said fish myosin heavy chain 
promoter is a carp FG2 myosin heavy chain promoter. 

5. An expression cassette according to claim 1 or 2 wherein said myosin heavy chain 
promoter is a mammalian myosin heavy chain promoter. 

6. An expression cassette according to claim 5 wherein said mammalian myosin 
heavy chain promoter is a truncated rabbit P-cardiac myosin heavy chain promoter. 

7. An expression cassette according to any one of the preceding claims wherein said 
viral promoter is a cytomegalovirus promoter or a herpes simplex virus promoter. 

8. An expression cassette according to any one of the preceding claims wherein said 
polynucleotide sequence of interest encodes a polypeptide of therapeutic use. 

9. An expression cassette according to claim 8 wherein said polypeptide is 
a-galactosidase. 
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10. An expression cassette according to any one of the preceding claims for use in 
delivering said polynucleotide sequence of interest to a eukaryotic cell. 

11. An expression cassette according to claim 10 wherein said eukaryotic cell is a 
muscle cell of a bird, fish or mammal. 

12. A nucleic acid vector comprising an expression cassette as defined in any one of 
the preceding claims. 

13. A vector according to claim 12 further comprising avian, fish or mammalian 
genomic sequences flanking said expression cassette. 

14. A vector according to claim 12 or 13 further comprising viral genomic sequences 
flanking said expression cassette. 

15. A viral strain comprising an expression cassette as defined in any one of claims 1 
toll. 

16. A method of producing a viral strain according to claim 15 which method 
comprises introducing an expression cassette as defined in any one of claims 1 to 1 1 into 
the genome of a virus. 

17. A method of producing a viral strain according to claim 15 which method 
comprises introducing an expression cassette as defined in any one of claims 1 to 1 1 into 
the genome of a virus by homologous recombination between said genome and a vector 
as defined in claim 14. 

18. An expression cassette according to any one of claims 1 to 1 1, a vector according 
to any one of claims 12 to 14 or a viral strain according to claim 15 for use in a method of 
treatment of the human or animal body. 



19. An expression cassette according to any one of claims 1 to 1 1, a vector according 
to any one of claims 12 to 14 or a viral strain according to claim 15 for use in the 
treatment of Fabry disease. 

20. Use of an expression cassette according any one of claims 1 to 11, a vector 
according to any one of claims 12 to 14 or a viral strain according to claim 15 in the 
treatment of Fabry disease. 

21. A pharmaceutical composition comprising an expression cassette according to any 
one of claims 1 to 1 1, a vector according to any one of claims 12 to 14 or a viral strain 
according to claim 15 together with a pharmaceutically acceptable carrier or diluent. 

22. A method of treatment of the human or animal body which method comprises 
administering an effective, non-toxic amount of a pharmaceutical composition according 
to claim 21 to a human or animal in need of such treatment. 

23. A method according to claim 22 for the treatment of Fabry disease. 

24. A method of effecting gene therapy in a human or animal which method 
comprises introducing an expression cassette according to any one of claims 1 to 11, a 
vector according to any one of claims 12 to 14 or a viral strain according to claim 15 into 
the cells of a human or animal in need of such therapy in an amount resulting in effective 
expression of a heterologous gene encoding a therapeutic polypeptide in said cells. 

25. An expression cassette according to any one of claims 1 to 7 wherein said 
polynucleotide of interest encodes a polypeptide comprising at least one epitope. 

26. An expression cassette according to claim 25 wherein said polypeptide is derived 
from a pathogenic organism. 

27. A vector comprising an expression cassette according to claims 25 or 26. 
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28. A viral strain comprising an expression cassette according to claim 25 or 26. 

29. An expression cassette according to claim 25 or 26, a vector according to claim 27 
or a viral strain according to claim 28 for use in a method of vaccinating a bird, fish or 
mammal. 

30. A vaccine comprising an expression cassette according to claim 25 or 26, a vector 
according to claim 27 or a viral strain according to claim 28 together with a 
pharmaceutically acceptable carrier or diluent. 
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ABSTRACT 

EUBCARYOTIC GENE EXPRESSION CASSETTE AND USES THEREOF 

The present invention provides an expression cassette comprising, operably linked, (i) a 
myosin light chain enhancer, (ii) a promoter selected from a myosin heavy chain 
promoter and a viral promoter and (iii) a polynucleotide sequence of interest. The 
expression cassette can be used in methods of medical treatment and vaccination. 
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Figure 1: Comparison of constructs pIVGF, pX4F and pMCagalF after transfection of 
C2C12 myoblasts (see Table 1 for details of constructs). Enzymatic activity of beta-ga! and 
alpha-gal (in Units/mg of protein, left axis) and the normalized alpha-gal activity (in Units 
alpha-gal/Unit beta-gal, right axis) are shown either 18 hours post-transfection 
(undifferentiated myoblasts. A) or 10 days post-transfection (fully differentiated myotubes, 
B). High-Low bars show the results from duplicate experiments. 
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Figure 2: Comparison of constructs pX3F, pX4F and pX7F after transfection of C2C12 
myoblasts (see Table 1 for details of constructs). Enzymatic activity of beta-gal and alpha-gal 
(in Units/mg of protein, left axis) and the normalized alpha-gal activity (in Units alpha- 
gal/Unit beta-gal, right axis) 48 hours post-transfection (small myotubes) are shown. High- 
Lx)w bars show the results from duplicate experiments. 
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Figure 3: Total alpha-gal enzymatic activity (in Units, 1 Unit=l nmole/h) of cell extracts 
and of supernatants from C2C12 myoblasts transfected with three different constructs 
(Mock = no-DNA transfected) and harvested 48 hours after transfection. Total alpha-gal 
activity was derived from the original enzymatic activity in cell extracts (in Units/mg) or in 
supernatants (in Units/L). High-Low bars show the results from duplicate experiments. 
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Figure 4: Alpha-gal activity in cell extracts from fibroblasts of a Fabry patient that were 
cultured for 3 days in medium conditioned by C2C12 myoblasts transfected as indicated, 
either in the absence or in the presence (+M6P) of 5mM mannose-6-phosphate in the culture 
medium. 

Error bars=S.E.M. (n==6). 

^Significant difference (p<0.01) with any of the other groups. 



THIS PAQi BUNK (uspto) 



25 r; 

i' Legend 
Saline 




Figure 5: Alpha-gal activity in tibialis anterior muscle extracts 7 days after injection. 30 yig 
of pX7F DNA in 50 /xl of sterile, endotoxin-free saline (or 50 ^1 of saline in control muscles) 
were injected in tibialis anterior muscles of 5-6 week-old C57B1/6 mice. Some muscles were 
pre-injected with myotoxic substances (1.2% BaCla or O.IM Cardiotoxin from Naja 
nigricollis) 5 days prior to the injection of DNA, in order to induce a cycle of 
degeneration/regeneration. Error bars=S.E.M. (n = 6). 



*p<0.01 between these two groups. 
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